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(54) BATTERY SYSTEM

(57) The present invention relates to a battery system
(100) that comprises at least one plurality of aligned bat-
tery cells (80) arranged in a first direction (y). Each of the
battery cells (80) comprises a vent hole (88). The battery
system (100) further an extinguishing system (60) with a
reservoir (61) for an extinguishing agent and at least one
conduit means (62) for conducting the extinguishing
agent, wherein the conduit means (62) is positioned such
that it is hit by a vent-gas jet emitted by any of the vent
holes (88) of the plurality of aligned battery cells (80) and
wherein the at least one conduit means (62) is configured
to be melted by the vent-gas jet. The invention further
relates to a cooling circuit (70) for a battery system (100)

comprising at least one plurality of aligned battery cells
(80), each of the battery cells (80) comprising a vent hole
(88). The cooling circuit (70) comprises a conduit means
(72) configured for conducting an incombustible or
flame-retardant coolant and an evaporator (71) that is in
thermal contact with the a first plurality (91) of aligned
battery cells (80) and that is configured for causing the
coolant to absorb heat from the first plurality of aligned
battery cells (80). The conduit means (72) is positioned
such that it is hit by a vent-gas jet emitted by any of the
vent holes (80) of the first plurality (91) of aligned battery
cells (80) and is configured to be melted by the vent-gas
jet.
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Description

Field of the Invention

[0001] The present invention relates to a battery sys-
tem with improved extinguishing system and to a cooling
system for a battery system, particularly for a cooling
system with integrated extinguishing system.

Technological Background

[0002] A rechargeable or secondary battery differs
from a primary battery in that it can be repeatedly charged
and discharged, while the latter provides only an irrevers-
ible conversion of chemical to electrical energy. Low-ca-
pacity rechargeable batteries are used as power supply
for small electronic devices, such as cellular phones,
notebook computers and camcorders, while high-capac-
ity rechargeable batteries are used as the power supply
for hybrid vehicles and the like.
[0003] In general, rechargeable batteries include an
electrode assembly including a positive electrode, a neg-
ative electrode, and a separator interposed between the
positive and negative electrodes, a case receiving the
electrode assembly, and an electrode terminal electrical-
ly connected to the electrode assembly. An electrolyte
solution is injected into the case in order to enable charg-
ing and discharging of the battery via an electrochemical
reaction of the positive electrode, the negative electrode,
and the electrolyte solution. The shape of the case, e.g.
cylindrical or rectangular, depends on the battery’s in-
tended purpose.
[0004] Rechargeable batteries may be used as a bat-
tery module formed of a plurality of unit battery cells cou-
pled in series and/or in parallel so as to provide a high
energy density, e.g. for motor driving of a hybrid vehicle.
That is, the battery module is formed by interconnecting
the electrode terminals of the plurality of unit battery cells
depending on a required amount of power and in order
to realize a high-power rechargeable battery, e.g. for an
electric vehicle.
[0005] Battery modules can be constructed either in
block design or in modular design. In block designs, each
battery cell is coupled to a common current collector
structure and a common battery management system.
In modular designs, pluralities of battery cells are con-
nected to form submodules and several submodules are
connected to form the battery module. Battery manage-
ment functions may be realized either on module or sub-
module level and thus interchangeability of the compo-
nents is improved. One or more battery modules are me-
chanically and electrically integrated, equipped with a
thermal management system and set up for communi-
cation with one or more electrical consumers in order to
form a battery system.
[0006] Mechanical integration of battery modules can
be achieved by providing a carrier plate and by position-
ing individual battery cells or submodules thereon. Fixing

the battery cells or submodules may be achieved by fitted
depressions in the carrier plate or by mechanical inter-
connectors such as bolts or screws. Alternatively, the
cells or submodule are confined by fastening side plates
to lateral sides of the carrier plate. Further, a cover plate
may be fixed atop the cells to the first carrier plate and/or
the side plates and thus a multilevel battery module can
be constructed. The carrier plates and/or the side plates
may contain coolant ducts for providing cooling of the
cells or submodules.
[0007] To provide thermal control of a battery system
a thermal management system is required to safely use
the at least one battery module by efficiently emitting,
discharging and/or dissipating heat generated from its
rechargeable batteries. If the heat emission/dis-
charge/dissipation is not sufficiently performed, temper-
ature deviations occur between respective battery cells,
such that the at least one battery module cannot generate
a desired amount of power. In addition, an increase of
the internal temperature can lead to abnormal reactions
occurring therein and thus charging and discharging per-
formance of the rechargeable deteriorates and the life-
span of the rechargeable battery is shortened. Thus, cell
cooling for effectively emitting/discharging/dissipating
heat from the cells is required.
[0008] Thermal runaway is an example of an abnormal
operation condition of a battery cell that may be entered
by strongly overheated or overcharged Lithium ion cell.
The critical temperature for transiting into thermal runa-
way is typically above 150°C and may be exceeded due
to a local failure such as an internal short circuit of a cell,
heating from a bad electrical contact or a short circuit to
an adjacent cell. The thermal runaway is a self-acceler-
ating chemical reaction inside the cell, which produces
high amounts of heat and gas, until all available material
is exhausted. During thermal runaway the failed cell may
heat up to temperatures higher than 700°C and may eject
large quantities of hot gas into the battery system. Usually
a battery cell comprises a venting opening for allowing a
vent-gas jet to be emitted from the venting opening if a
certain overpressure inside the cell is exceeded. The
emitted vent-gas jet typically comprises a temperature
of about 500°C and gas velocities of about 300 m/s, at
least in the in case of cells having a high energy density
(ca. 200Wh/kg).
[0009] During thermal runaway large amounts of heat
may be transferred to adjacent cells by the vent-gas jet.
As these cells are already heated by the failing cell due
to heat conduction via side plates, the base plate and/or
their electrical connectors they are prone to transit into
thermal runaway themselves. The result may be a ther-
mal runaway propagation through the whole battery sys-
tem and eventually a battery fire and/or the total loss of
an electric vehicle.
[0010] According to the prior art, battery systems may
comprise extinguishing systems that are triggered as a
cell temperature exceeds a predetermined threshold. Ac-
tuation means for sensing the temperature rise can com-
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prise melting fuse elements that are configured to disas-
semble above the temperature threshold. These actua-
tion means are usually arranged in close proximity or
directly adjacent to said battery cells and thus there is a
high risk of false triggering the extinguishing system.
Most extinguishing systems work with irreversible actu-
ation and/or means fluid extinguishing means. False trig-
gering can thus lead to irreversible damage of a function-
ing battery system and/or to the necessity of replacing
the actuation means. Known extinguishing systems re-
quire a lot of additional installation space, add a lot of
additional weight to the battery system and hence de-
crease energy efficiency.
[0011] It is thus an object of the present invention to
provide a battery system with an improved extinguishing
system with increased protection against false triggering
and decreased installation space requirements.

Summary of the Invention

[0012] One or more of the drawbacks of the prior art
could be avoided or at least reduced by means of the
present invention. In particular according to a first aspect
of the invention, a battery system is provided comprising
at least one plurality of aligned battery cells that are ar-
ranged in a first direction, e.g. a y-direction. Each of the
battery cells comprises a vent hole that is configured for
ejecting gas via a vent-gas jet in an abnormal operation
condition of the battery cell, particularly if an internal pres-
sure within the battery cell, e.g. a case of the battery cell,
exceeds a predetermined pressure threshold. The bat-
tery system further comprises an extinguishing system
with a reservoir for an extinguishing agent and at least
one conduit means for conducting the extinguishing
agent. According to the present invention, the conduit
means is positioned such that it is hit by a vent-gas jet
emitted by any of the vent holes of the plurality of aligned
battery cells and is further configured to be melted by the
vent-gas jet.
[0013] In other words, the conduit means functions as
actuation means that is melted, i.e. triggered, only by a
vent-gas jet. Hence, false triggering of the actuation
mean, e.g. due to abnormal increased surface tempera-
tures of a normal operating battery cell, is avoided. Ac-
cording to the present invention, the conduit mean as an
actuation mean only melts, i.e. triggers, if one of the bat-
tery cells transits into an abnormal operation condition in
which it ejects a vent-gas jet. Hence, the emission of a
vent-gas jet is a mandatory precondition for triggering
the extinguishing system and hence this system operates
only if a cell enters an abnormal operation state. Thus,
false triggering events of the extinguishing system are
minimized.
[0014] The conduit means may be configured as a
whole or partially to be melted by a vent-gas jet. In the
latter case it may comprise one or more actuation regions
that are configured to be melted by a vent-gas jet. The
actuation regions me comprise a thinner wall thickness

than the remaining regions of the conduit means but may
be formed from the same material as the conduit means.
The conduit means may be formed from a low-melting
metal, e.g. aluminum, and/or from a plastic material. Al-
ternatively, the actuation region may comprise at least
one opening that is filled with a plug, wherein the plug
material is configured to be melted by a vent-gas jet or
wherein the plug is configured to be loosened from the
opening by a vent-gas jet, e.g. by using a hot melt adhe-
sive.
[0015] The extinguishing agent used in the extinguish-
ing system may be a gas, e.g. nitrogen, carbon dioxide
or halon based fire suppression, a liquid, e.g. water, or
an expanding fire retardant foam. The reservoir prefera-
bly is a pressurized gas container that is fluidly connected
to the conduit means such that the gas is emitted with
high pressure from the conduit means once it is (partially)
melted. Further preferred, additional sensors such as
temperature sensors or pressure sensors might be used
to fill the conduit means with the extinguishing agent once
or shortly before the conduit means is melted. Exempla-
rily sensor actuated valves may be arranged between
the pressurized gas container and the conduit means.
[0016] According to a preferred embodiment of the bat-
tery system, a shortest distance between the at least one
conduit means and each of the vent holes is larger than
half the extension of an average vent-gas jet of one of
the battery cells. The extension of an average vent-gas
jet is easily determined by a skilled person conducting
experiments in a test environment. The vent hole of each
of the battery cells preferably comprises an overpressure
valve that is configured to emit a vent-gas jet if an internal
pressure of the cell exceeds a certain threshold. The
overpressure valve may be configured as a notch that is
inserted in the vent hole.
[0017] By using standardized overpressure valves that
are configured to open at a certain pressure threshold in
each cell, the vent-gas jet of each battery cell will be
comparable. A skilled person can hence easily derive the
extension of an average vent-gas jet, particularly an ex-
tension in an emission direction of the vent-gas jet, e.g.
in a direction that is normal to a surface of the overpres-
sure valve. The predetermined overpressure will depend
e.g. on the wall thickness of a battery case of the battery
cell and is adjusted such that the vent hole emits a vent-
gas jet before the case breaks. By arranging the conduit
means at a distance to each of the vent holes that is at
least half the extension of such average vent-gas jet,
false triggering of the extinguishing system is securely
avoided. The extension of the vent-gas jet may be defined
as the distance from the vent hole at which no significant
temperature rise can be detected anymore. In other
words, half the extension of an average vent-gas jet of
one of the battery cells may reached at a point where the
temperature of the gas vent-jet may equal the half of its
temperature at the vent hole. Thus, half the extension of
an average vent-gas jet can be determined by measuring
the vent-gas jets temperature along its extension.
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[0018] Further preferred, each of the battery cells com-
prises a battery case for accommodating an electrode
assembly and a cap assembly that is placed on the bat-
tery case and that is configured for closing the battery
case. According to this embodiment, the vent hole is ar-
ranged in the cap assembly. Further preferred, the con-
duit means is thermally isolated from the battery cases
of each the at least one plurality of aligned battery cells.
Extinguishing systems known from the prior art usually
have actuation means that are arranged close to the bat-
tery case so as to be triggered if a surface temperature
of the battery case surface exceeds a certain tempera-
ture. However, even during normal operation conditions
the batteries temperature rises due to ohmic losses. Par-
ticularly in hot environments false triggering of the actu-
ation means (conduit means) may thus occur. By ther-
mally isolating the conduit means from the battery case,
the risk of false triggering (melting) the actuation means
(conduit means) is minimized. Preferably, each battery
cell further comprises a positive terminal and a negative
terminal that arranged at a distance from each other in
a third direction, e.g. x-direction, and wherein the vent
hole is arranged between the positive terminal and the
negative terminal.
[0019] The thermal isolation between conduit means
and battery case may simply be achieved by a space
between the conduit means and the battery case that is
left void, i.e. filled with air or an inert gas. Thus, heat
conduction between battery case and conduit means is
minimized. Further, a blocking means may be arranged
between the battery case and the conduit means, where-
in the blocking means is configured for intercepting radi-
ant heat and convection between the battery case and
the conduit means. The blocking means may be realized
by a plurality of pinhole apertures or at least one perfo-
rated plate, arranged between the cap plates of the bat-
tery cells and a respective conduit mean. The apertures
or perforations are then configured to let pass a vent-gas
jet emitted by a battery’s vent hole. Particularly preferred,
the conduit means is arranged above the cap assemblies
of the at least one plurality of aligned battery cells and
comprises a distance in a second direction, e.g. z-direc-
tion to each of the vent holes that is larger than half the
extension of an average vent-gas jet of one of the battery
cells. The second direction is perpendicular to the first
direction.
[0020] According to a preferred embodiment of the bat-
tery system, the vent holes of the at least one plurality of
aligned battery cells are aligned in the first direction. In
other words, the vent holes of all battery cells of a plurality
of aligned battery cells are arranged on or close to a
straight line connecting a plurality of the vent holes. Fur-
ther preferred, the at least one conduit means is arranged
at a distance from the vent holes in a second direction
that is substantially perpendicular to the first direction
and to a third direction. Particularly preferred, the first
direction and third direction are directions in the x-y-plane
and the second direction corresponds to the z-direction

or the height above the x-y-plane. In other words, the at
least one conduit means is arranged at a distance above
the vent holes. Further preferred, the at least one conduit
means is a conduit pipe that is aligned with the vent holes
of the at least one plurality of aligned battery cells in the
first direction.
[0021] According to a particularly preferred embodi-
ment of the present invention, the battery system further
comprise a cooling circuit for cooling the at least one
plurality of battery cells. The cooling circuit comprises an
evaporator that is in thermal contact with the at least one
plurality of battery cells and that is configured for causing
an incombustible or flame-retardant coolant to absorb
heat from the plurality of aligned battery cells. In other
words, the cooling circuit is operated with an incombus-
tible or flame-retardant coolant as refrigerant. According
to the invention, the conduit means as described before
is part of the cooling circuit and the coolant is used as
extinguishing agent, e.g. for extinguishing a battery cell
in a thermal runaway. According to this embodiment, an
extinguishing system is functional integrated in a cooling
circuit, i.e. cooling system, of the battery system and thus
no or only little extra installation space is required for
applying the extinguishing system to the battery system.
[0022] The cooling circuit preferably further comprises
a compressor that is configured for compressing the cool-
ant such as to increase pressure and temperature of the
coolant, a condenser for liquefying the compressed cool-
ant such as to release heat from the compressed coolant,
a throttle or an expansion valve for reducing pressure
and temperature of the liquefied coolant and/or a reser-
voir for storing the coolant. The cooling circuit further
comprises coolant piping for interconnecting all parts of
the coolant circuit. The conduit means are connected to
the coolant piping or may be an integral part of the coolant
piping. Further preferred, the conduit means are an inte-
gral part of the evaporator.
[0023] Further preferred, the battery system comprises
a plurality of battery modules that are arranged apart from
each other in the second direction, e.g. the z-direction,
wherein each battery module comprises a plurality of
aligned battery cells that are arranged in the first direc-
tion. According to this embodiment, at least one conduit
mean is arranged between the adjacent battery modules,
i.e. between an upper and a lower battery module. The
conduit mean is further configured as a carrier plate that
supports the upper one of the adjacent battery modules.
In other words, in a multi-storage battery system the bat-
tery plate of an upper battery module is configured to be
melted by a vent-gas jet of a lower battery module.
[0024] The extinguishing system of the present inven-
tion is hence functionally integrated in a multi-storage
battery system and thus requires less additional instal-
lation space. The battery system may further comprise
a plurality of battery modules that are arranged apart from
each other in a third direction, i.e. in x-direction. The con-
duit means may be configured to span above or below
each of these neighboring battery modules, i.e. as a com-
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mon carrier plate of the upper storage of battery modules.
Alternatively, the conduit means may be individually
aligned with the plurality of vent holes of neighboring bat-
tery modules, i.e. as a tortuous conduit pipe or as plurality
of conduit pipes extending along individual battery mod-
ules.
[0025] According to a preferred embodiment of the
present invention, the battery system further comprises
a housing for accommodating the plurality of battery cells.
The housing preferably comprises a bottom wall that may
be constituted by a carrier plate of the battery system.
The carrier plate might comprise cooling means for cool-
ing the battery cells disposed on the carrier plate. The
carrier plate might be configured as evaporator of a cool-
ing circuit as described above. The housing further com-
prises a pair of first lateral sidewalls facing each other
and a pair of second lateral sidewalls facing each other.
The lateral sidewalls are attached to the carrier plate and
each first lateral sidewall is attached to two second lateral
sidewalls and each second lateral sidewall is attached
to two first lateral sidewalls. The pluralities of battery cells
and further components of the battery system, e.g. a bat-
tery management unit or battery discharge unit, may be
inserted into the housing. A battery system cover might
be configured to be attached to the housing.
[0026] Another aspect of the present invention relates
to a cooling circuit, i.e. a cooling system, for a battery
system, that is configured for cooling the battery system.
The cooling circuit is configured to be used and is suitable
for a battery system that comprises at least one plurality
of aligned battery cells, wherein the cells are arranged
in a first direction. Each of the battery cells comprises a
battery case and a vent hole within the battery case. Ac-
cording to this aspect of the invention, the cooling circuit
comprises a conduit means for conducting an incombus-
tible or flame-retardant coolant and an evaporator that is
in thermal contact with a first plurality of aligned battery
cells and that is configured for causing the coolant to
absorb heat from the first plurality of aligned battery cells.
According to the invention, the conduit means is posi-
tioned such that it is hit by a vent-gas jet emitted by any
of the vent holes of the first plurality of aligned battery
cells and is further configured to be melted by this vent-
gas jet. In other words, the cooling circuit of the invention
further functions as extinguishing system for a battery
system without requiring additional installation space for
the extra functionality.
[0027] In a preferred embodiment of the cooling circuit,
the evaporator is positioned such that it is hit by a vent-
gas jet emitted by any of the vent holes of a second plu-
rality of aligned battery cells. Particularly preferred, the
second plurality of battery cells belongs to at least one
lower battery module and the first plurality of battery cells
belongs to at least one upper battery module. The evap-
orator is further configured to be melted by the vent-gas
jet of the second plurality of aligned battery cells. In other
words, the battery cells that are cooled by the evaporator
are different from the battery cells that might actuate the

evaporator as part of an extinguishing system. In the cool-
ing circuit of this embodiment a conduit means and the
evaporator are configured as actuation means, i.e. to be
melted in the case of a vent-gas jet. Thus this cooling
circuit is suitable for battery systems with multiple
stacked battery modules.
[0028] Further preferred, the cooling circuit of the in-
vention is configured for a battery system that comprises
a plurality of battery modules that are arranged apart from
each other in the second direction. Therein each battery
module comprises a plurality of aligned battery cells that
are arranged in the first direction. In the cooling circuit of
this embodiment, the evaporator is arranged between
battery modules that are adjacent in the second direction,
i.e. between an upper (first) battery module and a lower
(second) battery module, and is configured as a carrier
plate that supports the upper one of the adjacent battery
modules. The evaporator is positioned such that it is hit
by a vent-gas jet emitted by any of the vent holes of the
lower plurality of aligned battery cells, i.e. functions as
part of the extinguishing system of the lower battery mod-
ule. In order to do so, the evaporator is configured to be
melted by the vent-gas jet of the lower battery module.
Preferably, as the evaporator comprises sufficient struc-
tural strength for supporting a battery module, the evap-
orator is only partially configured to be melted by the vent-
gas jet, e.g. in actuation regions as described above.
[0029] The cooling circuit further comprises the conduit
means that is positioned such that it is hit by a vent-gas
jet emitted by any of the vent holes of the upper one of
the adjacent battery modules, i.e. functions as part of the
extinguishing system of the upper battery module. Thus,
the cooling circuit of this embodiment provides an extin-
guishing system for a battery system with stacked battery
modules, wherein the extinguishing system requires only
minimal extra installation space. The cooling circuit may
further comprise a second carrier plate that is supporting
the lower battery module and is in thermal contact with
the lower battery module. The second carrier plate is con-
figured for causing the coolant to absorb heat from the
lower one of the adjacent battery modules. If the lower
battery module is the lowest module of a battery system,
the carrier plate is not part of an extinguishing system.
[0030] The cooling circuit may further comprise a com-
pressor that is configured for compressing the coolant
such as to increase pressure and temperature of the cool-
ant, a condenser for liquefying the compressed coolant
such as to release heat from the compressed coolant, a
throttle or an expansion valve for reducing pressure and
temperature of the liquefied coolant and/or a reservoir
for storing the coolant. The cooling circuit further com-
prises coolant piping for interconnecting all parts of the
coolant circuit. The conduit means may be connected to
the coolant piping or may be an integral part of the coolant
piping.
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Brief Description of the Drawings

[0031] Features will become apparent to those of or-
dinary skill in the art by describing in detail exemplary
embodiments with reference to the attached drawings in
which:

Fig. 1 illustrates a (A) side view and (B) a top view of
a battery cell according to an embodiment;

Fig. 2 illustrates a schematic top view of a battery
module according to an embodiment;

Fig. 3 illustrates a schematic side view of a battery
module according to an embodiment;

Fig. 4 illustrates a schematic top view of a battery sys-
tem according to a first embodiment;

Fig. 5 illustrates a schematic side view of a battery
system according to the first embodiment;

Fig. 6 illustrates a schematic side view of a cooling
circuit and of a battery system according to a
second embodiment; and

Fig. 7 illustrates a schematic side view of a cooling
circuit and of a battery system according to a
third embodiment.

Detailed Description of the Invention

[0032] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings. Effects and features of the exemplary
embodiments, and implementation methods thereof will
be described with reference to the accompanying draw-
ings. In the drawings, like reference numerals denote like
elements, and redundant descriptions are omitted. The
present invention, however, may be embodied in various
different forms, and should not be construed as being
limited to only the illustrated embodiments herein. Rath-
er, these embodiments are provided as examples so that
this disclosure will be thorough and complete, and will
fully convey the aspects and features of the present in-
vention to those skilled in the art.
[0033] Accordingly, processes, elements, and tech-
niques that are not considered necessary to those having
ordinary skill in the art for a complete understanding of
the aspects and features of the present invention may
not be described. In the drawings, the relative sizes of
elements, layers, and regions may be exaggerated for
clarity.
[0034] As used herein, the term "and/or" includes any
and all combinations of one or more of the associated
listed items. Further, the use of "may" when describing
embodiments of the present invention refers to "one or
more embodiments of the present invention." In the fol-

lowing description of embodiments of the present inven-
tion, the terms of a singular form may include plural forms
unless the context clearly indicates otherwise.
[0035] It will be understood that although the terms
"first" and "second" are used to describe various ele-
ments, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another element. For example, a first element
may be named a second element and, similarly, a second
element may be named a first element, without departing
from the scope of the present invention. As used herein,
the term "and/or" includes any and all combinations of
one or more of the associated listed items. Expressions
such as "at least one of," when preceding a list of ele-
ments, modify the entire list of elements and do not mod-
ify the individual elements of the list.
[0036] As used herein, the term "substantially,"
"about," and similar terms are used as terms of approx-
imation and not as terms of degree, and are intended to
account for the inherent deviations in measured or cal-
culated values that would be recognized by those of or-
dinary skill in the art. Further, if the term "substantially"
is used in combination with a feature that could be ex-
pressed using a numeric value, the term "substantially"
denotes a range of +/- 5% of the value centered on the
value.
[0037] Figure 1 is a perspective illustration of a (A) side
view and (B) a top view of a battery cell according to an
embodiment.
[0038] The battery cell 80 shown in Fig. 1 comprises
a case 81 for accommodating an electrode assembly,
the case 81 containing an electrolyte. The battery cell 80
may also include a cap assembly 84 for sealing an open-
ing of the case 81. The battery cell 80 will be described
as a non-limiting example of a lithium ion secondary bat-
tery configured to have a prismatic shape.
[0039] The electrode assembly may be formed as a
jelly roll type electrode assembly by spirally winding a
positive electrode and a negative electrode with a sepa-
rator in between. The positive electrode and the negative
electrode may respectively include coated regions of cur-
rent collectors formed of a thin metal foil, on which an
active material may be coated, and may respectively in-
clude positive and negative electrode uncoated regions
and of the current collectors on which no active material
is coated. As a non-limiting example, the coated region
of the positive electrode may be formed by coating a base
material formed of a metal foil, such as an aluminum foil,
with an active material, such as transition metal oxide or
the like. Also, the coated region of the negative electrode
may be formed by coating a base material formed of a
metal foil, such as a copper or nickel foil, with an active
material, such as carbon, graphite, or the like.
[0040] The positive electrode uncoated region may be
formed on one lateral end of the positive electrode in a
longitudinal direction of the positive electrode, and the
negative electrode uncoated region may be formed on
one lateral end of the negative electrode in a longitudinal
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direction of the negative electrode. The positive electrode
uncoated region and the negative electrode uncoated
region may be on sides that are opposite to each other
with respect to the coated regions. Further, the separator
may include a plurality of separators, which may be spi-
rally wound after the positive electrode, the negative elec-
trode, and the separator are alternately situated. The
present invention is not limited thereto, and the electrode
assembly may be configured to have a structure including
a plurality of sheets of the positive electrode, the sepa-
rator, and the negative electrode that are repeatedly
stacked.
[0041] The electrode assembly may be accommodat-
ed in the case 81 together with an electrolyte solution.
The electrolyte solution may be made of a lithium salt,
such as LiPF6 or LiBF4 with an organic solvent, such as
EC, PC, DEC, EMC, or EMC. The electrolyte solution
may be in a liquid, solid, or gel state. The case 81 may
be configured to have a substantially cuboidal shape,
and an opening may be formed at one side thereof. The
case 81 may be formed of a metal, such as aluminum.
[0042] The case 81 may include a bottom surface hav-
ing a substantially rectangular shape, and may include
a pair of first lateral walls 82, 83, that are the wide side
surfaces, and a pair of second lateral walls connected
vertically to end portions of the bottom surface, respec-
tively, to form a space for accommodating the electrode
assembly. The first lateral walls 82, 83 may face each
other, and the second lateral walls may be positioned to
face each other and may be connected to the first lateral
walls 82, 83. A length of an edge at which the bottom
surface and a first lateral wall 82, 83 are connected to
each other may be longer than that of an edge at which
the bottom surface and a second lateral wall are con-
nected to each other. Preferably, adjacent first and sec-
ond lateral walls enclose an angle of about 90°.
[0043] The cap assembly 84 may include a cap plate
85 for covering the opening of the case 81 by being bond-
ed to the case 81, and may include a positive terminal
86 (first terminal) and a negative terminal 87 (second
terminal), which externally protrude from the cap plate
85 and are electrically connected to the positive electrode
and the negative electrode, respectively. The cap plate
85 may be configured to have a shape of a plate that may
be extended in one direction, and that may be bonded
to the opening of the case 81 The cap plate 85 includes
a vent hole 88 that communicate with an interior of the
cap assembly 84. Further, a vent member including a
notch, which is opened due to a predetermined pressure,
is mounted to or in the vent hole 88.
[0044] The positive terminal 86 and the negative ter-
minal 87 may be mounted to protrude upward from the
cap plate 85. The positive terminal 86 may be electrically
connected to the positive electrode via a current collect-
ing tab, and the negative terminal may be electrically con-
nected to the negative electrode via a current collecting
tab. A terminal connecting member for electrically con-
necting the positive terminal 86 and the current collecting

tab may be mounted between the positive terminal 86
and the current collecting tab. The terminal connecting
member may be inserted into a hole formed at the positive
terminal 86, such that a lower portion thereof may be
welded to the current collecting tab.
[0045] Referring to Figs. 2 and 3, a battery module 90
comprises a plurality of battery cells 80 arranged and
aligned in a first direction, i.e. the y-direction. Each battery
cell 80 is a prismatic (or rectangular) cell 80 and the wide
flat side surfaces 18, 19 of the cells 80 being stacked
together to form a battery module 90. In other words, the
prismatic battery cells 80 are arranged such that first lat-
eral walls 18, 19 of adjacent battery cells 80 face each
other and/or are in close contact to each other. Spacers
(not shown) may be positioned between first lateral side
walls 82, 83 of adjacent cells 80. The positive and neg-
ative electrode terminals 86 and 87 of neighboring battery
cells 80 are electrically connected through a bus bar (not
shown). The battery modules 90 may be used as power
source unit by electrically connecting the plurality of bat-
tery cells 80 as one bundle.
[0046] Each of the battery cells 80 comprises a vent
hole 88 that is arranged in the cap assembly 84 of the
battery cell 80 with a distance to the positive terminal 86
and the negative terminal 87. The vent holes 88 of a
plurality of battery cells 80 aligned in the first direction
are also arranged in the first direction. Further, the plu-
rality of battery cells 80 is arranged on a first carrier plate
71 that is configured for supporting the weight of the bat-
tery cells 80 and may further be configured for cooling
the plurality of battery cells 80.
[0047] Referring to Figs. 4 and 5 a battery system 100
according to a first embodiment comprises a battery mod-
ule 90 as described with respect to Figs. 2 and 3. The
battery system 100 may include a plurality of such battery
modules 90 that are spaced apart in a second direction,
i.e. the x-direction. The battery system 100 according to
the first embodiment further comprises an extinguishing
system 60 that is configured for preventing or at least
mitigating a thermal runaway. Therefore the extinguish-
ing system 60 comprises a reservoir 61 that is configured
for storing an incombustible and flame-retardant extin-
guishing agent. In the present case, the reservoir 61 is
configured as pressurized gas storage and the extin-
guishing agent is carbon dioxide.
[0048] The extinguishing system 60 further comprises
a conduit means 62 that is configured as a conduit pipe
62. The conduit pipe 62 is fluidly connected with the res-
ervoir 61 and is configured to tightly enclose the extin-
guishing agent in a normal operation state of the battery
module 90. The conduit pipe 62 is aligned with the vent
holes 88 of the plurality of battery cells 80 and is further
arranged at a distance H1 in the z-direction towards the
vent hole 88 of each battery cell 80, wherein H1 roughly
equals half the extension of an average gas-vent jet of
the battery cells 80 in the z-direction. The conduit pipe
62 is further configured to be melted by a gas-vent jet of
the battery cells 80. Particularly, the conduit pipe 62 con-
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sists of a plastic material with a melting temperature be-
low the temperature of the vent-gas jet at half of its ex-
tension in the z-direction.
[0049] According to the first embodiment shown in
Figs. 4 and 5, the conduit pipe 62 melts as soon as it is
hit by a gas-vent jet emitted by any of the vent holes 88
of the battery cells 80. Hence, the pressurized carbon
dioxide is emitted from the breach of the conduit pipe 62
and is distributed over the plurality of battery cells 80.
The carbon dioxide expands as soon as it leaves the
conduit pipe 62 and thus cools the battery cells 80. Fur-
ther, the carbon dioxide at least diminishes battery fires
due to depletion of oxygen. The battery system 100 of
Figs. 4 and 5 or at least the battery module 90 of Figs. 4
and 5 may be arranged in a housing for confining the
carbon dioxide around the battery cells 80.
[0050] Fig. 6 shows a battery system 100 and a cooling
circuit 70 according to a second embodiment of the
present invention. The battery system 100 again com-
prises a plurality of aligned battery cells 80, a reservoir
77 for an extinguishing agent and a conduit means 72
that is arranged such that it is hit by a vent-gas jet of the
cells 80 and that is configured to be melted by that vent-
gas jet. According to the second embodiment, the reser-
voir 77 and the conduit means 72 are part of the cooling
circuit 70.
[0051] The cooling circuit comprises the reservoir 77
that is configured for storing an incombustible and flame-
retardant coolant. The reservoir 77 is fluidly connected
via coolant piping with a condenser 75, a throttle 76 down-
stream of the condenser 75, the conduit means 72 down-
stream of the throttle 76, an evaporator 73 downstream
of the conduit means 72 and a compressor 74 down-
stream of the evaporator 73 and upstream of the reservoir
77.
[0052] The conduit means 72 is configured as tortuous
conduit pipe 72 that is arranged at a distance H1 above
a plurality of battery modules 90 spaced apart from each
other in x-direction. The evaporator 73 is configured as
carrier plate that mechanically supports the plurality of
battery cells 80. The extinguishing system of the battery
system 100 is functionally integrated in the cooling circuit
70 and thus no extra installation space is required for the
extinguishing system. In other word, the refrigerant of the
coolant circuit 70 is the extinguishing agent of the battery
system 100.
[0053] Fig. 7 shows a battery system 100 and a cooling
circuit 70 according to a third embodiment of the present
invention. The battery system 100 comprises a first bat-
tery module 91 that is arranged above a second battery
module 92. The second battery module 92 is supported
by a second carrier plate 73 and the first battery module
91 is supported by a first carrier plate 71. The battery
system further comprises a reservoir 77 for an extinguish-
ing agent and a conduit means 72. The conduit means
72 is placed at a distance H1 above the vent holes of the
first battery module 91 such that it is hit by a vent-gas jet
emitted by a cell 80 of the first module 91 and is config-

ured to be melted by such vent-gas jet. The first carrier
plate 71 is placed at a distance H2 above the vent holes
of the second battery module 92 such that it is hit by a
vent-gas jet emitted by a cell 80 of the second module
92 and is configured to be melted by such vent-gas jet
[0054] The cooling circuit 70 according to the third em-
bodiment comprises the reservoir 77 that is configured
for storing an incombustible and flame-retardant coolant.
The reservoir 77 is fluidly connected via coolant piping
with a condenser 75, a throttle 76 downstream of the
condenser 75, the conduit means 72 downstream of the
throttle 76, the first and second carrier plates 71, 73 in
parallel downstream of the conduit means 72 and a com-
pressor 74 downstream of the carrier plates 71, 73 and
upstream of the reservoir 77. The carrier plates 71, 73
are configured as evaporators, i.e. for absorbing heat
from the respective battery module 91, 92 by evaporating
the coolant provided by the cooling circuit 70. Thus, the
first carrier plate 71 is part of the cooling circuit 70 as well
as of the extinguishing system of the battery system 100,
while the refrigerant of the coolant circuit 70 is the extin-
guishing agent of the battery system 100. Hence instal-
lation space of battery system 100 is minimal.

Reference signs

[0055]

100 battery system
90 battery module
91 first battery module / upper battery module
92 second battery module / lower battery module

80 battery cell
81 case
82, 83 a pair of first lateral walls
84 cap assembly
85 cap plate
86 positive terminal (first terminal)
87 negative terminal (second terminal)
88 vent hole

70 cooling circuit
71 evaporator / first carrier plate
72 conduit means
73 evaporator / second carrier plate
74 compressor
75 condenser
76 throttle
77 reservoir

60 extinguishing system
61 reservoir
62 conduit means / conduit pipe
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Claims

1. A battery system (100), comprising:

at least one plurality of aligned battery cells (80)
arranged in a first direction (y), each of the bat-
tery cells (80) comprising a vent hole (88); and
an extinguishing system (60) with a reservoir
(61) for an extinguishing agent and at least one
conduit means (62) for conducting the extin-
guishing agent,
wherein the conduit means (62) is positioned
such that it is hit by a vent-gas jet emitted by any
of the vent holes (88) of the plurality of aligned
battery cells (80), and
wherein the at least one conduit means (62) is
configured to be melted by the vent-gas jet.

2. The battery system (100) according to claim 1,
wherein the shortest distance between the at least
one conduit means (62) and each of the vent holes
(88) is larger than half the extension of an average
vent-gas jet of one of the battery cells (80).

3. The battery system (100) according to claim 1 or 2,
wherein each of the battery cells (80) comprises a
battery case (81) for accommodating an electrode
assembly and a cap assembly (84) that is placed on
the battery case (81) for closing the battery case (81)
and wherein the vent hole (88) is arranged in the cap
assembly (84).

4. The battery system (100) according to claim 3,
wherein the conduit means (62) is thermally isolated
from the battery cases (81) of the at least one plurality
of aligned battery cells (80).

5. The battery system (100) according to claim 3 or 4,
wherein the conduit means (62) is arranged above
the cap assemblies (84) of at least one plurality of
aligned battery cells (80) and comprises a distance
in a second direction (z) to each of the vent holes
(88) that is larger than half the extension of an aver-
age vent-gas jet of one of the battery cells (80).

6. The battery system (100) according to any one of
the preceding claims, wherein the vent holes (88) of
the at least one plurality of aligned battery cells (80)
are aligned in the first direction (y).

7. The battery system (100) according to claim 6,
wherein at least one conduit means is a conduit pipe
(62) that is aligned with the vent holes (88) of the at
least one plurality of aligned battery cells (80) in the
first direction (y).

8. The battery system (100) according to any one of
the preceding claims, further comprising a cooling

circuit (70) with an evaporator (71) in thermal contact
with the at least one plurality of battery cells (80) and
configured for causing an incombustible or flame-
retardant coolant to absorb heat from the plurality of
aligned battery cells (80), wherein the coolant is used
as extinguishing agent and the conduit means (62)
is part of the cooling circuit (70).

9. The battery system (100) according to any one of
the preceding claims, comprising
a plurality of battery modules (90) arranged apart
from each other in the second direction (z), each
battery module (90) comprising a plurality of aligned
battery cells (80) arranged in the first direction (y),
wherein at least one conduit mean (62) is arranged
between battery modules (90) adjacent in the second
direction (z) and is configured as a carrier plate (71)
that supports a first battery module (91).

10. A cooling circuit (70) for a battery system (100) com-
prising at least one plurality of aligned battery cells
(80) arranged in a first direction (y), each of the bat-
tery cells (80) comprising a battery case (81) and a
vent hole (88) within the battery case (81), the cooling
circuit (70) comprising
a conduit means (72) for conducting an incombusti-
ble or flame-retardant coolant; and
an evaporator (71) in thermal contact with a first plu-
rality (91) of aligned battery cells (80) and configured
for causing the coolant to absorb heat from the first
plurality (91) of aligned battery cells (80),
wherein the conduit means (72) is positioned such
that it is hit by a vent-gas jet emitted by any of the
vent holes (88) of the first plurality (91) of aligned
battery cells (80) and is configured to be melted by
the vent-gas jet.

11. The cooling circuit (70) of claim 10, wherein the evap-
orator (71) is positioned such that it is hit by a vent-
gas jet emitted by any of the vent holes (88) of a
second plurality (92) of aligned battery cells (80) and
is configured to be melted by the vent-gas jet.

12. The cooling circuit (70) according to claim 10 or 11
for a battery system (100) comprising a plurality of
battery modules (90) arranged apart from each other
in the second direction (z) with each battery module
(90) comprising a plurality of aligned battery cells
(80) arranged in the first direction (y),
wherein the evaporator is arranged between battery
modules (90) adjacent in the second direction (z)
and is configured as a first carrier plate (71) that sup-
ports the upper one of the adjacent battery modules
(91),
wherein the evaporator (71) is positioned such that
it is hit by a vent-gas jet emitted by any of the vent
holes (88) of the lower one of the adjacent battery
modules (92),
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wherein the conduit means (72) is positioned such
that it is hit by a vent-gas jet emitted by any of the
vent holes (88) of the upper one of the adjacent bat-
tery modules (91), and
wherein the evaporator (71) is configured to be melt-
ed by the vent-gas jet.

13. The cooling circuit (70) of claim 12, further compris-
ing a second carrier plate (73) that is supporting and
in thermal contact with the lower one of the adjacent
battery modules (92) and is configured for causing
the coolant to absorb heat from the lower one of the
adjacent battery modules (92).

14. The cooling circuit (70) of any one of claims 11 to
13, further comprising at least one of
a compressor (74) for compressing the coolant such
as to increase pressure and temperature of the cool-
ant;
a condenser (75) for liquefying the compressed cool-
ant such as to release heat from the compressed
coolant;
a throttle (76) for reducing pressure and temperature
of the liquefied coolant; and
a reservoir (77) for the coolant.

Amended claims in accordance with Rule 137(2)
EPC.

1. A battery system (100), comprising:

at least one plurality of aligned battery cells (80)
arranged in a first direction (y), each of the bat-
tery cells (80) comprising a vent hole (88); and
an extinguishing system (60) with a reservoir
(61) for an extinguishing agent and at least one
conduit means (62) for conducting the extin-
guishing agent,
wherein the at least one conduit means (62) is
positioned such that it is hit by a vent-gas jet
emitted by any of the vent holes (88) of the plu-
rality of aligned battery cells (80),
wherein the at least one conduit means (62) is
configured to be melted by the vent-gas jet, and
wherein the shortest distance between the at
least one conduit means (62) and each of the
vent holes (88) is larger than half the extension
of an average vent-gas jet of one of the battery
cells (80).

2. The battery system (100) according to claim 1,
wherein each of the battery cells (80) comprises a
battery case (81) for accommodating an electrode
assembly and a cap assembly (84) that is placed on
the battery case (81) for closing the battery case (81)
and wherein the vent hole (88) is arranged in the cap
assembly (84).

3. The battery system (100) according to claim 1 or 2,
wherein the at least one conduit means (62) is ther-
mally isolated from the battery cases (81) of the at
least one plurality of aligned battery cells (80).

4. The battery system (100) according to claim 2 or 3,
wherein the at least one conduit means (62) is ar-
ranged above the cap assemblies (84) of at least
one plurality of aligned battery cells (80) and com-
prises a distance in a second direction (z) to each of
the vent holes (88) that is larger than half the exten-
sion of an average vent-gas jet of one of the battery
cells (80).

5. The battery system (100) according to any one of
the preceding claims, wherein the vent holes (88) of
the at least one plurality of aligned battery cells (80)
are aligned in the first direction (y).

6. The battery system (100) according to claim 5,
wherein at least one conduit means is a conduit pipe
(62) that is aligned with the vent holes (88) of the at
least one plurality of aligned battery cells (80) in the
first direction (y).

7. The battery system (100) according to any one of
the preceding claims, further comprising a cooling
circuit (70) with an evaporator (71) in thermal contact
with the at least one plurality of battery cells (80) and
configured for causing an incombustible or flame-
retardant coolant to absorb heat from the plurality of
aligned battery cells (80), wherein the coolant is used
as extinguishing agent and the at least one conduit
means (72) is part of the cooling circuit (70).

8. The battery system (100) according to claim 7, com-
prising
a first battery module (91) and a second battery mod-
ule (92) arranged apart from each other in a second
direction (z), each battery module comprising a plu-
rality of aligned battery cells (80) arranged in the first
direction (y),
wherein the evaporator (71) is arranged between
battery modules adjacent in the second direction (z)
and is configured as a carrier plate (71) that supports
the first battery module (91).

9. The battery system (100) according to claim 8,
wherein the evaporator (71) is in thermal contact with
the first battery module (91) and configured for caus-
ing the coolant to absorb heat from the first battery
module (91), and
wherein the evaporator (71) is positioned such that
it is hit by a vent-gas jet emitted by any of the vent
holes (88) of the second battery module (92) and is
configured to be melted by the vent-gas jet.

10. The battery system (100) according to claim 8 or 9,
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comprising
wherein the at least one conduit means (72) is posi-
tioned such that it is hit by a vent-gas jet emitted by
any of the vent holes (88) of the first battery module
(91).

11. The battery system (100) of claim 10, further com-
prising a second carrier plate (73) that is supporting
and in thermal contact with the second battery mod-
ule (92) and is configured for causing the coolant to
absorb heat from the second battery module (92).

12. The battery system (100) of any one of claims 8 to
11, further comprising at least one of
a compressor (74) for compressing the coolant such
as to increase pressure and temperature of the cool-
ant;
a condenser (75) for liquefying the compressed cool-
ant such as to release heat from the compressed
coolant;
a throttle (76) for reducing pressure and temperature
of the liquefied coolant; and
a reservoir (77) for the coolant.

19 20 



EP 3 333 932 A1

12



EP 3 333 932 A1

13



EP 3 333 932 A1

14



EP 3 333 932 A1

15

5

10

15

20

25

30

35

40

45

50

55



EP 3 333 932 A1

16

5

10

15

20

25

30

35

40

45

50

55



EP 3 333 932 A1

17

5

10

15

20

25

30

35

40

45

50

55



EP 3 333 932 A1

18

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

